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A  G EO LO G IC RECONNAISSANCE 
OF TH E  W H ITE FIS H  RANGE 
FLA TH E A D  AND LIN C O LN  CO UNTIES, M ONTANA
George L . Sweeney 
ABSTRACT
The w hitefish Range is  located west of and adjacent to  G lac ie r 
N ational P ark  in  northw estern M ontana.
The m ajor rock types of the range are  P recam brian  a rg illite s , 
m e ta rg illite s , arg illeceous magnesian lim estone, q u artzites  and basic 
lavas, dikes and s ills . M ississippian  lim estones and Pennsylvanian  
sandst(mes a re  exposed in  the northeast p a rt of the a rea  and a sm all 
exposure of Devonian lim estone occurs in  the northw est p a rt. T e r­
tia ry  lake beds a re  exposed in  a few places along the N orth  F o rk  of 
the F lathead R iv er and along some of its  trib u ta ry  stream s. G lac ia l 
t i l l  covers m ost of the va lley  flo o rs  and extends w e ll up onto the moun­
ta in  slopes.
Reconnaissance mapping in  1953-54 revealed  a  m ajor west dipping 
o verth rust fa u lt along the northeast edge of the range. P recam brian  
sedim ents of the R av a lli group fo rm  the o verrid ing  th ru st sheet and 
M ississippian and Pennsylvanian sedim ents in  both norm al and in verted  
sequence underlie  the sheet. A t the In tern atio n a l Boundary erosion has 
cut through a portion  of the thrust sheet to iso late  a klippe. The fa u lt 
disappears to the southeast under the g la c ia l t i l l  of the N orth  F o rk  of 
the Flathead V a lley .
-  V -
INTRODUCTION
G eneral Statem ent
V e ry  lit t le  has been published on the geology of the W hitefish  
Range. In  o rd er to  increase knowledge and perhaps fa c ilita te  econo­
m ic developm ent of the region. G reat N orthern  R ailro ad  in itia te d  r e ­
connaissance w ork in  the sum m er of 1953. Ih e  reconnaissance was 
focused p rim a rily  on known esqposures of Paleozoic s tra ta  and on ex­
posures of any other s tra ta  of s im ila r o r younger age. Secondary a t­
tention was given to the P recam brian  rocks of the area .
The a rea  described in  th is  re p o rt is  located in  northw estern  
Montana, and includes the northw estern portion of F lathead County 
and the northeastern portion of Lincoln County. The a rea  lie s  between 
the N orth F o rk  of the Flathead R iver and the S tillw a te r R iv e r, and ex­
tends fro m  the m ain F lathead V a lley  north to  the In tern ation al Boundary. 
The N orth F o rk  of the Flathead R iv er form s the west boundary of G lac ier 
N ational P a rk , (see F ig . 1) The W hitefish Range, of th is  re p o rt, in ­
cludes a ll of the mountainous a rea  in  th is  region.
The w estern edge of the a rea  p a ra lle ls  U. S. Highway 93 and a 
good graveled  F o rest Service road extends fro m  Colum bia F a lls  to  the 
In tern atio n a l Boundary along the eastern  edge of the a rea . A  narrow  
graveled  road crosses the m iddle of the W hitefish Range in the v ic in ity  
of Red Meadow C reek, a trib u ta ry  of the N orth F o rk  c i the Flathead  
R iv e r. F o res t S ervice tra ils  provide the m ain access to the in te rio r of 
the W hitefish Range, although a few in te rm itten tly  m aintained logging 
roads extend a few  m iles  into severa l of the drainages.
-  1 -
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Figure I. Sketch map  of the W h i t e f i s h  Ronge area
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Reconnaissance was c a rrie d  on during the sum m er of 1953 and 
p a rt of the sum m er of 1954. An area  of approxim ately 1250 square 
m iles was studied.
Previous W ork
W ith the exception of the e a rly  w ork of D aly (1912) along the In ­
tern ation al Boundary, very  litt le  system atic geologic w ork has been done 
in  the W hitefish Range. The e a rlie s t known observations w ere made by 
George Gibbs in  1660 during the exploration of the In tern atio n al Boundary 
of the northw estern U nited States. The m anuscript of the eiqpedition con­
tain ing the general and sc ien tific  records was lo st before p rin tin g  (B aker, 
1900). However, Gibbs (1874) published a paper on the a rea  and although 
it  was geographical in  nature i t  contained some b rie f geological re feren ces. 
Dawson (1885) and W illis  (1902) v is ited  p arts  of the a rea  near the In te r­
national Boundary, and Erdm ann (i9 4 7 ) made detailed  studies of the geo­
logy of sm all areas selected as possible dam sites along the N orth F o rk  of 
the F lathead R iv e r. O ther published papers that deal w ith the region in  a 
general way include those by Schofield (1914, 1920, 1922), M acK enzie  
(1916), Rose (1918), Shepard (1922, 1926), Clapp and D eiss (1931),
Clapp (1932), L in k (1932), Hume (1932, 1944), and Pardee (1950). O ther 
p«q>ers having an in d ire c t bearing on the area  have been published by 
various authors in  the b u lletins of the Canadian G eological Survey.
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access ib ility  of areas g reatly  fa c ilita te d  the fie ld  w ork.
Topography
The W hitefish Range is  the southern extension of the Galton and 
the M acDonald Ranges of Canada.
Dawson(1885y map) and la te r Leach (1902, p . 73 -74) w orking  
north of the In tern atio n a l Boundary, recognized two d istin ct ranges 
west of the F ro n t Range of the Rocky M ountains. The two ranges a re  
stiuated between the va lley  of the N orth  F o rk  of the F lathead R iv e r and 
the Rocky M ountain Trench, and a re  separated by the long s tra ig h t v a l­
ley of the W igwam  R iv e r. Dawson called  the range east of the W igwam  
R iver the M acDonald Range, and the range to the west the Galton Range. 
W illis , on his map (1902, p . 309) showed the Galton Range extending 
south to the Flathead V a lley  and (1902, p. 325) placed the southern ex­
tre m ity  of the M acDonald Range a t Y akin ikak (T ra il) C reek. *  Clapp 
and D eiss (1932, p . 14) used the name W hitefish Range fo r the mountains 
lying between the N orth  F o rk  of the Flathead R iv er and the S tillw a te r 
R iv e r. The U. S. F o rest Service cu rren tly  uses W hitefish Range fo r 
a ll of the a rea  except the northw est corner w here the name of G laton 
Range is  re ta in ed  fo r the mountains northw est of W igwam  and St. C la ire  
C reeks.
The highest elevations in  the area  occur in the northern p a rt near 
the In tern atio n al Boundary, w here the crests  of some of the peaks ap­
proach 8000 fee t. The g reatest re lie f also occurs in  the north portion  
along the west side w here the Tobacco P la in s , a t an elevation of less  
than 3000 fee t, a re  adjacent to the m ountains.
The general su m m it-leve l of the range descends gently to  the 
southeast w here few  peaks higher than 7000 fe e t a re  encountered. The
*  The o ffic ia lly  recognized name is  Y akinikak C reek. The name 
T ra il C reek, how ever, p re va ils  lo c a lly .
-  5 -
evenness of the crests  and ridges indicates that an u p lifted  and d is ­
sected peneplane surface form s the present range.
The W hitefish  Range trends approxim ately N . 30° W ., and 
p a ra lle ls  the Lew is and Livingston Ranges which lie  ju s t across the 
N orth F o rk  V a lley  to the east. The high s e rra te  peaks of the Lew is  
and Livingston Ranges present a s trik in g  contrast to the low er crests  
of the W hitefish Range w here only a few  peaks ris e  above tim b er lin e .
The F lathead R iv e r, trib u ta ry  to the Colum bia R iv e r, is  the 
m ain drainage of the reg ion . The N orth  F o rk  of the Flathead, which 
drains the eastern  slope of the W hitefish Range, flow s south fro m  its  
headwaters in  B ritis h  Colum bia and jo ins the M iddle and South f  orks  
to fo rm  the m ain F lathead R iv er east of Colum bia F a lls . The F la t­
head R iver flow s west across the southern end of the W hitefish Range 
then turns abruptly south. The S tillw a te r and W hitefish R iv e rs , which 
drain  the southwest portion of the Range, flow  south and southeast to  
jo in  the Flathead R iv e r before it  enters F lathead Lake. The Tobacco 
and W igwam  R iv e rs , which drain  the northw est p a rt of the a rea , flow  
north and northw est to  jo in  the Kootenai and E lk  R ivers  resp ective ly . 
The E lk  R iv e r flow s w est into the Kootenai R iv e r, a trib u ta ry  of the 
Colum bia R iv e r.
C u ltu ra l Developm ent 
T here a re  no settlem ents w ith in  the W hitefish Range, but the 
towns of E ureka, W hitefish , Colum bia F a lls , and several sm all s e ttle ­
ments between Eureka and W hitefish a re  located around its  m argins. 
Post o ffices a re  m aintained in  the N orth  F o rk  of the Flathead V a lley  
a t Polebridge and at the in tern atio n al Boundary (T ra il C reek). There  
a re  few  perm anent residents in  th is  v a lley , but the cool sum m ers and 
the p ro x im ity  to  G lac ie r P a rk  a ttra c t num erous sum m er vacation ists, 
and the seasonal logging industry and F o rest Service a c tiv ity  help to  
sw ell the norm al population during the w arm er mcmths.
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Logging, although re s tric te d  seasonally by heavy w in ter snows 
and subsequent heavy sprii%  runoff, is  the chief occupation of the 
area . S m all herds of cattle  a re  grazed  and some hay is  grown in  the 
valleys by the few perm anent residents of the a rea . A  very  lim ite d  
amount of fu r trapping is  c a rrie d  on under governm ent supervision  
during the w in ter months.
C lim ate and Vegetation
The tenq>erature of the region is  low  because of re la tiv e ly  high 
altitude and la titu d e, and distance fro m  the ocean. P rec ip ita tio n  is  
m oderate and not subject to  w ide seasonal varia tio n s . Much of the 
p recip ita tio n  fa lls  as snow during the colder mcmths. T h ere  is , how­
ever, no d istin ct w et and d ry  season as in  the area  to  the w est, and 
showers occur throughout the sum m er months. A sum m ary of rep o rts  
com piled by the W eather Bureau of the United States D epartm ent of 
A g ricu ltu re  (1930; 1941, p. 955-956) a t Colum bia F a lls , B elton, and 
F o rtin e  gives the fo llo w ii^ ;
Colum bia 
F a lls  F o rtin e  B elton
Annual p recip ita tio n  (inches) 21 .49  17 .70  2Ô. 65
Annual snow fall (inches) 7 0 .4  54.7  119.1
M ean tem perature
(degrees Fahrenheit) 4 3 .2  4 1 .2  4 2 .4
Highest recorded tem perature
(degrees Fahrenheit) 103. 107. 101.
Lowest recorded tem perature
(degrees Fahrenheit) -4 0 . -4 7 . -4 2 .
Because of the higher elevations of the mountains and the narrow  
ness and depths of the valleys  w ith in  the W hitefish Range, the c o rre s ­
ponding tem peratures a re  low er.
A  dense fo res t of con ifers covers m ost of the Range fro m  the 
va lley  flo o r to  the tops of a ll but the highest peaks. Dense th ickets of 
brush a re  g en era lly  present on a ll but the highest slopes. M an-m ade
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clearings in  the valleys> occasicmal n atu ra l meadows, ta lu s slopes, 
c liffs , and burns provide alm ost a ll of the areas in  which v is ib ility  
was not re s tric te d  to less than 100 fee t during the fie ld  season.
G lac ia l Geology
Evidence of g la c ia l action is  abundant throughout the a rea . A l­
pine g laciation  has been extensive throughout the W hitefish Range es­
p ec ia lly  in  the higher northern p a rt. D aly (1912, p. 584) considered  
the topography of the W hitefish Range to have been la rg e ly  shaped by 
local cirque g la c ie rs . In  the Rocky M ountain Trench and, to a lesser 
degree, in  the V a lley  of the N orth  F o rk  of the F lathead R iv er the th ick  
accum ulations of g la c ia l d r ift that underlie the va lley  flo o rs  and extend 
w ell up the slopes of the m ountains attest to  the existence of the g reat 
ice sheets that advanced through the va lleys .
Erdm ann (1947, p. 127) found evidence of tw o, and possibly of 
th ree , advances of ice  sheets, the youngest belonging to the W isconsin  
g la c ia l stage. The e a rlie r  advances appear to  have follow ed the sam e 
path as the la te r Wisccmsin g lac ie rs  whose paths may be traced  fa ir ly  
accurately. Erdm ann states:
* The m ain lobe of the W isconsin C o rd ille ran  Ice  Sheet 
moved southward through the Rocky M ountain Trench  
west of the W hitefish and Swan Ranges. Another s m a lle r 
lobe descended Flathead (N orth  F o rk) V a lle y , sp littin g  
into two p arts  on the north end of Apgar M ountain. The 
west (rig h t) branch continued on down Flathead (N orth  
Fork) V a lley  to  the north end of T eakettle  Mountain w here 
it  was la rg e ly  (k fle c te d  to the southwest, uniting w ith the 
lobe in the Rocky M ountain Trench a t P a rk e r H ill, five  
m iles north of Colum bia F a lls .
D aly (1912, p . 584-85) re fe rre d  to the ice lobe that occupied the 
N orth F o rk  of the Flathead V a lley  as the N orth  F o rk  G lac ie r and e s ti­
m ated it  to  have been g rea ter than 2000 fee t th ick a t the In tern atio n al 
Boundary. The thickness of the m ain ice sheet in  the Rocky Mountain 
Trench  was estim ated by D aly to have been g rea ter than 5000 fee t.
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T yp ica l U-shaped valley  p ro files  a ttest the movements of v a l­
ley g lac ie rs  which m erged w ith  the m ain lobe of the ice sheet occupy­
ing the Rocky M ountain Trench to  the west and the s m a lle r secondary 
lobe occupying the V a lley  of the N orth  F o rk  of the F lathead R iv er on 
the east. The divide separating the eastw ard and w estw ard flow ing  
ice was considered by D aly to have been between W igwam R iver and 
the N orth  F o rk  of the F lathead R iv e r.
STR A TIG R A PH Y  
The W hitefish  Range is  composed m ainly of P recam brian  rocks  
of the B e lt s e ries . In  the northw est corner of the Range, a t the In te r-  
naticmal Boundary, rocks of Devonian age crop out in  a sm all, narrow  
area  along the edge of the mountain fro n t. The northeast p a rt of the 
Range includes Paleozoic s tra ta  of M ississippian , Pennsylvanian, 
and P erm ian  ( ?) age which extend fro m  north of the In tern atio n al 
Boundary to  W hales B uttes approxim ately ten m iles south of the Boun­
dary. In  the N orth F o rk  of the Flathead V a lley  sem i-consolidated  
T e rtia ry  s tra ta  unconform ably o verlie  the o lder rocks. In  the valleys  
and along the low er slopes g la c ia l debris and alluvium  of P leistocene  
and Recent tim e irre g u la rly  cover the o lder rocks. A  few  m iles  
north and northeast of the Range, rocks of C am brian, S ilu ria n , T r i-  
assic, Jurassic, and Cretaceous age crop out in  addition to the above 
m entioned s tra ta .
P ro tero zo ic  -  B e lt Series  
P recam brian  rocks w ith in  the W hitefish Range includes, fro m  
oldest to youngest, the R a v a lli, Siyeh and M issoula groups of the B e lt 
s e rie s . The series  is  composed predom inately of strongly indurated  
sedim ents of shallow  w ater o rig in . Cross-bedded and rip p le -m arked  
a rg illite s , m e ta rg illite d , siliceous dolom itic lim estone and q u artzite  
m ake up the m ajor rock types of the series . In  th e ir o rig in a l state
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these sedim ents w ere fine grained arg illaceous slltstone w ith lesser 
am ounts of arg illaceous m agnesian lim estone and s till less sandstone. 
B efore deposition of the M issoula group, the two o lder groups w ere  
intruded by basic igneous rocks and w ere lo ca lly  covered by one o r 
m ore subm arine lava flow s. Follow ing deposition of the M issoula  
groiQ), and possibly before deposition had ceased, the igneous a c tiv ­
ity  was resum ed and the M issoula group was covered lo ca lly  by two 
o r m ore basic lava flow s.
Dawson (1885) f irs t  described the P recam brian  rocks in  lo c a l­
itie s  adjacent to  the a rea . He confused the Siyeh group w ith Devon­
ian -C arboniferous lim estones and accordingly called  the sedim ents 
below the Siyeh, C am brian, and those above, p e rm o -T ria s s ic . W illis  
(1902, p. 317 -24) recognized Dawson^s e rro r and dated the rocks of 
the Lew is and Livingston Ranges as P recam brian of Algonkian age 
and described them  as the Lew is s eries . D aly (1912, p. 97-110) des­
cribed  the P recam brian  rocks of the W hitefish Range at the In te rn a ­
tio nal Boundary and co rre la ted  them  w ith the Lew is s eries . D aly, 
how ever, dated the rocks above the A ltyn lim estone as Cam brian and 
on the basis of litho log ie d ifferences in  the W hitefish  Range used fo r ­
m ation nam es d iffe ren t fro m  those of the Lew is s e rie s . D aly named 
th is  series  of rocks the Galton s e rie s . Schofield (1914, p. 88-89) 
co rre la ted  the Galton series  w ith  the P u rc e ll series  and (p. 91) showed 
evidence that the B elt series  was P recam brian . W ilson, e t a l. (1924, 
p. 91-92) ten tatively  c o rre la ted  rocks of the 49th p a ra lle l series  w ith  
the B e lt series  fa rth e r south, and Clapp and D eiss (1931, p. 690-693) 
advanced the follow ing co rre la tio n  of the B e lt series  of w estern Mon­
tana.
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Galton S eries Lew is Series B e lt S eries
P h illip s  K in tia  Iviissoula group
Gateway Shepard
Siyeh Siyeh Siyeh group
W igwam  G rinneU
a  ‘̂ vam gaoap
A ltyn A ltyn
The s tra ta  of the Galton and Lew is series  below the top of the 
Siyeh are  s im ila r enough to w arran t common form ation  nam es. B e­
cause the term inology of the Lew is series  was named firs t and has 
gained a w idespread use in  northw estern Montana the author has used 
that term inology w herever possible.
(R a v a lli Group)
The R ava lli group^ according to Clapp, (1932, p. 22) includes 
in ascending order the A ltyn , Appekunny, and G rin n e ll form ations. 
W illis  (1902, p. 332) fe lt that the G rin n e ll and Appekunny w ere pos­
s ib ly  phases of one form ation  and that the lin e  of d istinction between 
them  was one diagonal to the s tra tific a tio n . Erdm ann (1947, p. 130) 
noted an in terfin g erin g  of G rin n e ll and Appekunny rock types, appa­
re n tly  confirm ing W illis * hypothesis.
The A ltyn  form ation , as eicposed in  the W hitefish Range, con­
sists of lig h t-g ra y  to buff, thin-bedded, siliceous lim estone, w ea­
thering w hite to cream  co lor. The only exposures of A ltjm  observed  
in the Range occur t>etween Y akin ikak (T ra il) C reek and the In te rn a ­
tio nal Boundary in the v ic in ity  of M t. H efty and M t. Thom a.
The low er Appekunny (H efty form ation of D aly) im m ediately  
overlying  the A ltyn  east of M t. H efty, consists of re d , thick-bedded, 
coarse-g ra in ed  sandstone and q u artzite  w ith in te r bedded red  and 
green a rg illite . The upper Appekunny (M acDonald form ation of D aly) 
consists of d u ll g ray-g reen , th in - to th ick -b e d d e d -a rg illites , w ith  
th in  in te r beds of tan q u artzite . R ipple m arks and mud cracks are
-  11 .
common.
The G rin n e ll a rg illite  form s the top of the R av a lli group and 
consists of m aroon to red , rip p le  -m arked  and m ud-cracked, hard  
and dense, th in ly  lam inated m assive a rg illite  and q u artzite  w ith  
interbedded g ray-g reen  a rg illite .
(Siyeh Lim estone)
The Siyeh lim estone, as described and co rre la ted  by Clapp 
and D eiss (1931, p . 676-696), consisted of upper and low er lim estcm e 
unite w ith an Intervening bed of red  a rg illite . The upper lim estone  
is  known in  various lo c a lities  as the Upper Siyeh, the Upper W allace, 
or the Helena lim estone. The low er lim estone has been ca lled  the 
Low er Siyeh, the Low er W allace, o r the Newland lim estone. The 
m iddle a rg illite  is  known variously  as the *Ted band in  the Siyeh, " 
the E m pire , the G rayson, o r the Spokane a rg illite s .
In  the W hitefish Range the m iddle red  a rg illite  was nowhere 
recognized and the Siyeh, as described, consists of one undivided 
form ation .
The Siyeh lim estone consists of y e llo w - to  buff-w eathering  
dark bluish gray to dark greenish g ray, im pure siliceous and magne­
sian lim estone w ith in terca lated  green a rg illite  and dolom itic a rg il­
lite . The buff and yellow  w eathering is  often obscured by growths 
of dark lichens. The lim estones a re  predom inantly m assive w ith  
lesser thin-bedded lim estone a ltern atin g  w ith the m assive beds 
throughout.
(M issoula Group)
W illis  (i9 0 2 , p . 324), in  the Lew is and Livingston Ranges, 
subdivided the s tra ta  above the Siyeh lim estone into the Shepard and 
K in tia  form ations. D aly, in  the Galton (W hitefish) Range, also sub­
divided a g rea ter thickness of s tra ta  above the Siyeh into the Gateway 
and the P h illip s  form ations. Erdm ann (i9 4 7 , p. 131-32) m easured a
— 12 —
thicknesB of M issoula group of approxim ately 25000 fe e t in  the N orth  
F o rk  of the F lathead V a lley  fro m  the Junction of N ico la  C reek w ith  
B ig C reek to  G la c ie r V iew  dam site, but made no attem pt to  sub­
divide the group into form ations. The low est p a rt of the M issoula  
group grades upward fro m  the Siyeh lim estone in  the south and eas­
te rn  p a rt the Range. îa  the northw estern p a rt of the a rea  the 
Siyeh-M issoula contact is  m arked by P u rc e ll basalt s im ila r to  that 
of the Lew is series . The low erm ost s tra ta  of the M issoula group 
consist predom inantly of lig h t to  dark g reen ish -g ray a rg illite  and 
q u artzite  in te r bedded w ith lig h t g reen ish -g ray lim estone and dolo­
m ite which is  m ostly thin-bedded. The lim estones and dolom ites a re  
gradationally rep laced by re d  a rg illite . The m iddle p a rt of the M is ­
soula group consists predom inantly of redd ish -tan  to  brown a rg illite s  
and q u artzites  w ith interbedded lig ^ t green a rg illite s . N ear the top  
of the group, g ray-g reen  again becomes the predom inant co lo r. 
Ripple m arks and mud cracks a re  common throughout the group.
D aly (1912, p. 108) noted the lack of contem peraneous lavas w ith in  
the form ations above the Siyeh in  the W hitefish  Range, as contrasted  
to the lavas present above the Siyeh in  the adjoining Lew is and L iv ­
ingston Ranges. Lava flow s in  the M issoula group a re  eiq>osed in  
the valleys of Hay C reek and Red Meadow C reek to the south, and 
Erdm ann (1947, p. 132) noted the presence of lava flow s e^qposed in  
the v ic in ity  of G lac ie r V iew  M ountain in  the southeastern p art of the 
area.
Paleozoic
Paleozoic tim e is  represented by outcrops of Devonian lim e ­
stone in  the northw est, and by Carboniferous lim estone and q u art­
z ite  in  the northeast p arts  of the W hitefish  Range. O lder Paleozoic  
form ations a re  absent, but Scofield (1922) mapped the P recam b rian -
X3 —
C am brian contact a few  m iles to the north  across the In tern ation al 
Boundary and C am brian and S ilu rian  sedim ents have been reported  
near A kim ina B rook a few  m iles  to the northeast (Hum e, 1932, p . 62).
D aly (1912, p. 110) f irs t  noted the occurrence of lim estone at 
the northw est edge of the map a rea , and on the basis ctf fo s s il e v i­
dence dated it  as Devonian in  age and equivalent to  the Jefferson  
form ation* Dawson (1885, p. 54) noted esqyosures of lim estone and 
q u artzite  along Y akin ikak (T ra il) C reek in  the northeast p a rt of the 
map area  and ten tative ly  dated them  as Carboniferous* L a te r, W illis  
(1902, p. 325) noted the same exposures, described the lim estone, 
dated it  on fo s s il content as younger than the M adison lim estone, and 
named it  the Y akin ikak lim estone.
D aly (1912, p. I l l )  assigned lim estone a t the In tern atio n a l 
Boundary along the east edge of the W hitefish (M acDonald) Range 
to the M ississippian period.
Clapp (1932, map) showed undifferentiated  Carboniferous s tra ta  
as fa r south as W hale Buttes on the east e ^ e  of the W hitefish  Range* 
The topographic expression of W hale B uttes and th e ir alignm ent w ith  
the s trik e  of exposed Carboniferous s tra ta , suggests that the buttes 
a re  underlain by Carboniferous rocks. The buttes, how ever, a re  
covered by a  heavy m antle of g la c ia l debris which support a th ick  
brush and fo res t cover and no exposures o r significant amounts of 
flo a t could be found.
Devonian P erio d  (P a llis e r Form ation)
A  sm all narrow  b e lt of Devonian lim estone crops out along the 
extrem e northw est edge of the map area  form ing a low  ridge in  fro n t 
of the steeply ris in g  fro n t of the W hitefish Range. The exposed s tra ­
tum  is  d ark -g ray  to gray-brow n, dense to fin e ly  c ry s ta llin e , th ic k - 
bedded to m assive, c liff-fo rm in g  lim estone. The lim estone w eathers
-  14 -
lig h t g ray , is  fo ss ilife ro u s  in  p a rt, and com monly contains black  
chert nodules. The w eathered surfaces of the rock have a p itted  
rough appearance. F re s h -fra c tu re d  surfaces usually produce a 
fe tid  odor.
Eiq}osures of the lim estone a re  confined to  the im m ediate  
v ic in ity  of the In tern atio n a l Boundary and a re  hidden under g la c ia l 
debris to the south and w est. The topographic expression of the 
gently south-sloping ridge and occasional pieces of flo a t suggest 
that to the south the rid g e is  underlain by the lim estone.
A  com parison of the faunal assem blage collected  by D aly  
(1912, p. 112), and of the lithology of the lim estone w ith those of 
Devonian sections to the northw est (deW it and M cLaren  1950), 
suggests the exposure is  a p a rt of the M o rro  m em ber of the P a llis e r  
fo rm ation , a c o rre la tiv e  of the T h ree Forks and upperm ost J e ffe r­
son form ations (Andrichuk 1951, p . 2380) (see fig . 2).
M ississippian P erio d  (Bundle Form ation)
M ost of the M ississippian succession of sedim ents in  south­
eastern  B ritis h  Colum bia a re  included in  the Banff and Bundle fo r ­
m ations (B eales 1950). The B undle-B anff contact appears to be 
gradaticm al and is  based on the change fro m  B anff type shaly lim estone  
to Bundle type m assive c rin o id a l lim estone W e lle r et a l. (1948,
P late  2) have c o rre la ted  the B anff and Bundle form ations w ith  the 
Hannan form ation  (D eiss 1943, p. 228-31) along the east fro n t of the 
Bocky M ountains in  northw estern Montana (see fig . 2 ). The Bundle, 
w hile c lass ified  as M ississippian , may transgress the Pennsylvanian  
boundary as Shim er (1926, p. 5), in the B anff a rea , and W arren  (1932, 
p . 33), in  the C rovsnest Pass a rea , have reported  Pennsylvanian  
fo ss ils  in  the Bundle form atio n . The upper contact of the Bundle w ith  
the overlying  Bocky M ountain q u artzite  is  apparently conform able.
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although thinning of the Bundle to the north , com bined w ith the ab­
sence of upper faunal horizons, suggests an unconf or m able overlap  
(W e lle r e t a l. 1948, p. 138).
Lim estone of M ississippian  age crops out along the eastern  
p art of the W hitefish Range fro m  above the Internaticm al Boundary 
south to W hale C reek. In  Y akin ikak (T ra il) C reek Canyon m ore 
than 450 fee t of the form ation  is  e3q>osed in  the creek bed and along 
the w a lls . B lackstone (1934, p. 91) found a predom inance of Chester 
and M erem ac fo ss ils  in  the lim estone and dated it  as upper M is s is ­
sippian in  age. The faunal assem blage, the lithology and the s tra ­
tigraphie re latio nsh ip  of the lim estone to  the overlying  q u artzite  
indicate that the lim estone is  a p a rt of the Bundle form ation . W illis  
(1902, p. 325), in  h is description of the stra tig rap h ie  position of the 
lim estone, states:
*Tt (the lim estcm e) is  w ithout upper s tra tig rap h ie  lim it, 
but res ts  conform ably on a q u artzite  which is  unconf or m - 
able on Algonkian s tra ta . The q u artzite  is  about 25 feet 
th ick and it  and the lim estone lie  in  a n early  horizon tal 
position. "
Investigation of the exposed sedim ents in  Yakinikak (T ra il)  
C reek, and through the map a re a , indicates the low er lim it of the 
lim estone to be covered. W illis  may have erroneously ccm sidered 
the sandy beds of the low est exposed Bundle to  have been of a d iffe r­
ent form ation , but in no lo c a lity  was the Bundle observed to  o ve rlie  
Algonkian s tra ta . W illis  was also m istaken about the upper lim it of 
the lim estone as at least 650 fee t of q u artzite  was observed conform ­
ably overlying  the lim estone.
The Bundle form ation consists of gray and brow n-w eathering, 
lig h t to d ark -g ray  and brown, a ltern atin g  m assive and thin-bedded  
lim estone and dolom ite w ith  occasional interbedded sandstone and 
siltsto ne. The coarsely c ry s ta llin e  beds are  usually c liff fo rm ers .
-  17 -
B lack ch ert nodules and layers  a re  abundant throughout the form ation .
The follow ing detailed  s tra tig rap h ie  section of the Rundle fo rm a­
tion was m easured:
Section m easured along the north side of Y akin ikak (T ra il)
C reek fro m  the road cut west of Thom a C reek bri<% e, up Thom a 
Creek to the c liff-to p  on the east side, and thence east along Y a k i­
nikak (T ra il) C reek to the contact of the Rundle lim estone and Rocky 
Mountain q u artzite  (Sections 25, 26, 35, 36, T37N , R23W ).
TTie base of the section is  on the c res t of a sm all a n tic lin a l axis  
which trends n early  north-south a t the road  and turns northw estw ard  
to p a ra lle l Thom a C reek.
M easured by K . P . M cLaughlin, C. N e ill and G. L . Sweeney.
Unit
Num ber D escrip tion  Thickness
Rocky M ountain Form ation (B asal)
38 Sandstone, lig h t-g ra y  to yellow , hard,
w eathers dark-brow n to b lack, and q u art­
z ite , ferruginous, w eathers brown to black; 
a ll crossbedded and some zones ch aracte r­
ized  by 1 /4  inches to 1 /2  inch p its  on w ea­
thered  surface.
Rundle Form ation
37 Sandstone, p a rtia lly  covered, fria b le ,
s lig h tly  dolom itic and w hite a t base, be­
com ing h ard er, ferruginous and m ore 
n early  q u artz itic  a t the top. 5. 5*
36 Sandstone, n early  q u a rtz itic , m edium - to
fin e -tra in e d , n early  w hite, irre g u la rly  ce­
m ented in  p a rt by dolom ite. 11*
35 D olom ite, sandy, very  lig h t gray to  n early
w hite, w eathers lig h t brown to buff; a few  
calc ite  fille d  vein lets  and one 4 inch lens 
of ch ert. 4*
34 Unexposed. 21
33 D olom ite, sandy, w ith  nodules of dark
gray to  black ch ert; w eathers buff. Beds
up to  1 foot th ick . 6
— IS  —
Unit
Num ber D escrip tion  Thickness
32 Sandstone, m edium -grained, very  s lig h tly
calcareous, porous, p itted  on surface, 
yellow , w eathers brown to ru sty . 3. 5*
31 D olom ite, th in ly  interbedded w ith lim estone,
a ll sancfy, lig h t g ray , w ith  w eathered s u r­
face of m ost of unit i^ow  sandy cross-bed­
ding w ith in  the carbonate. 8*
30 Lim estone, sandy, irre g u la rly  bedded,
lig h t g ray, w eathers lig h t brown to  buff. 5*
29 D olom ite, sandy, very  lig h t gray to  w hite,
w eathers lig h t brown to buff. 7 . 5*
28 Covered 5*
27 D olom ite, dense to fin e ly  c ry s ta llin e ,
sl% ht b recclated , purple chert in  upper
3 feet; lig h t to  m edium  g ray, w eathers
buff. 10*
26 Covered. 5*
25 D olom ite, sancfy at base, brecclated
through m iddle 5 fe e t, s lig h tly  conglo­
m eratic  in  upper 3 fee t; v a ri-c o lo re d , 
w eathers buff. 12*
24 D olom ite, s lig h tly  calcareous in  p art,
brecclated  in  upper 2 fee t, dark gray to  
black in low er beds, lig h t g ray in  upper 
beds, interbedded w ith dark green, hard  
dolom itic s ilty  shale, w eathers buff. 9*
23 Covered. 21
From  the top of U nit 22 to  s tra tig rap h ie -  
a lly  higher beds is  a distance of appro­
xim ate ly  3 /4  m ile  down T ra il C reek. A  
survey of a ll exposures in  th is  in te rv a l 
indicated that an average dip of 2 east­
w ard p re va ils  and that the actual s tra ti­
graphie in te rv a l involved is sm all.
•  19 —
Unit
Num ber PescriptiCHi Thickness
22 Lim estone, m edium  c ry s ta llin e  to very
coarsely c rin o id a l, gray to dark gray-brow n.
C hert nodules abundant as a re  brachiopod
and c o ra l fragm ents. 13*
21 B recc ia  of dense gray lim estone, fragm ents
up to 3 /4  inches, in  m a trix  of yellow , fin e ly  
c ry s ta llin e  lim estone. V ery  poorly exposed. 3*
20 Lim estcm e, dense, g ray, and m edium  c rys ­
ta llin e , lig h t g ray . V ery  poorly exposed. 5*
x9 Lim estcm e, m edium  c ry s ta llin e , gray,
w eathers g ray , beds tqp to  1 foot th ick; 
productid fragm ents in  low er 1 foot, along 
w ith Staurinceum  co ra l colonies. C hert 
lenses and nodules throughout. 9*
10 D olom ite, dense, th in ly  interbedded w ith
black ch ert, lig h t g ray , w eathers nearly  
w hite. Upper 3 inches contains specks up 
to  1 /8  inch of very  b lack, lustrous, flaky , 
soft m a te ria l, possibly carbonaceous. 2 *
17 Lim estone, s lig h tly  dolom itic, fin e - to
m ed iu m -crysta llin e , beds 3 inches to 1 foot
th ick , g ray, w eathers g ray. Low er 5 fee t
poorly exposed, brachiopods a t 8 feet above
the base. 7. 5*
16 Lim estone, s lig h tly  do lom itic , dense and
fin e ly  c ry s ta llin e , vugular, s lig h tly  fe tid  
odor, beds 1 foot to 2 fee t th ick , scattered  
fo s s il fragm ents, dark g ray to & irk  brown, 
w eathers g ray . S m all zyphrentid corals  
at 50 feet above base of un it. 60*
15 Lim estone, fin e ly  c ry s ta llin e , s ilty  and
probably s iliceous, hard , blocky, beds 6 
inches to 1 foot th ick , lig h t and dark g ray, 
w eathers lig h t brown. 20*
14 Unexposed, probably s iltstone. 3*
13 S iltstone, s lig h tly  calcareous, dark gray
— 20 —
Unit
Num ber D escription Thickness
to blacky and sandstone very  fin e ­
grained, s lig h tly  calcareous, lig h t 
o live  green, interbedded w ith soft 
black to gray siltstones and sandstones 
and dark green, non-calcareous, s ili­
ceous shale. Except fo r shales, the 
unit w eathers lig h t brown. 19*
12 Llm estcm e, medium to very  coarsely
c ry s ta llin e , essen tia lly  coquina in  some 
zones, g ray to  dark brow nish-gray.
B asal 55 fee t m assive, c liff form ing ,
upper 11 fee t m ore th in ly  bedded, less
res is tan t. F o ss il fragm ents throughout,
possible ostracodes at 40 fee t above the
base. An 8 inch o o litic  bed a t 60 fee t
above the base. 66 . 5*
i l  D olom ite, fin e ly  c ry s ta llin e  to  medium
c ry s ta llin e , dark gray a t base, lig h t gray  
a t top, poorly eaqoosed in  m id -p ortion .
Top 2 fee t form s a prom inent re -e n tra n t
in  c liff. 11. 8 '
10 P oorly  exposed. N ear m iddle of in te rv a l
is  one outcrop; dolom ite fin e ly  c ry s ta llin e , 
g ray, apparently grading up to  very  sandy 
dolom ite o r fin e -g ra in ed  dolom itic sandstone. 8 . 4*
9 D olom ite, fin e ly  c ry s ta llin e , irre g u la rly
bedded w ith ch ert nodules and lenses, gray  
w eathers lig h t g ray. 9*
8 D olom ite, fin e ly  c ry s ta llin e , irre g u la r
bedded, gray to g ray-b ro w n , w eathers 
d u ll g ray at base, lig h t gray a t top. A  
few  zones show s lig h t p o ro sity . 16. 2 '
7 D olom ite, irre g u la rly  dense and fin e ly
c ry s ta llin e , m assively bedded, chocolate
brown to gray brown, w eathers g ray,
w eathered surface m ottled as re s u lt of
m ixture of textu res. 27. 3*
6 D o lom ite, fin e ly  c ry s ta llin e , irre g u la rly
U nit
Num ber
— 21 —
D escription
bedded, g ray to dark g ray, fe tid  odor 
in  low er p a rt.
D olom ite, fin e * to m ed iu m -crysta llin e , 
m assively bedded, fe tid  odor, gray to 
dark g ray, irre g u la r d istribu tio n  of 
fin e  c ry s ta llin e  portions in  upper 2 feet 
produces m ottled agglom erate lik e  ap­
pearances on w eathered surface.
D olom ite, fin e ly  c ry s ta llin e , irre g u la rly  
bedded, g ray, w eathers g ray, upper 3 
fee t show abundance of sm all vugs and 
possible pinhole porosity. P e tro lifero u s  
odor in  upper 3 fee t.
D olom ite, s ilty  a t base, less s ilty  a t top, 
irre g u la rly  bedded, w eathers to  surfaces  
both smooth and w ith wavy lam inations, 
dark gray a t base, gray a t top.
Sandstone, very  fin e -g ra in ed , do lom itic, 
m assive, lig h t to dark gray, w eathers to  
brown wavy lam inated surface probably as 
a re s u lt of lam ination of the sand or of 
irre g u la rity  of cem entation, probably the 
la tte r. T here is  a suggestion of rip p le  m arks  
on some surfaces. The low er 6 inches have 
been a lte re d  by solution. Vugular throughout.
Sandstone, fin e -g ra in ed , s lig h tly  dolom itic, 
beds 2 to 2. 5 fe e t th ick , yellow  to  o live  
green, w eathers lig lit brown.
Thickness
7 .3 '
10
12
10 '
T o ta l thickness 459. 5*
P ennsyIvanian-P erm ian Periods (Rocky M ountain form ation)
The Pennsylvanian sedim ents in  southwestern B ritis h  Colum bia 
are  included in  the Rocky M ountain form ation . The Rocky M ountain of 
the B anff a rea  has been subdivided by W arren (1947, p. 1238) into two 
m em bers. The low er dolom ite and sandstone m em ber is  probably Penn
-  22 -
8yIvanian in  age w hile the upper^ consisting of dolom ite, ch ert, phos- 
phatic shale, and thin phosphate beds is  probably P erm ian . The Rocky 
 ̂M ountain form ation  in  southeastern B ritis h  Colum bia is  in  p a rt o verla in , 
apparently conform ably, by s tra ta  believed to be T rla s s ie  in  age, and 
in  p a rt o verla in  unconform ably by the Jurassic F ern ie  Form ation (M cKay 
1931, p. 16).
In  the W hitefish Range the Rocky M ountain Q uartzite  is  very  w e ll 
esqposed along the valley  of Y akin ikak C reek. The exposed section  
consists of fro m  650 to 859 fee t of g ray, yellow , and brown, m edium - 
to fin e -g ra in ed , q u artzite  and sandstone w eathering dark-brow n to black, 
gray and pink. D ark green lichens, growing on some surfaces, occa­
sionally obscure the w eathering. The w eathered surface of the low er 
150 feet is  characterized  by deep p its  fro m  1 /4  to 1 /2  Inch in  d iam eter. 
The contact of the Rocky M ountain form ation w ith the underlying Kundle 
is  gradational and the selection of the contact is  a rb itra ry  (pL IB ) .
The follow ing detailed  section of the Rocky M ountain form ation  was 
m easured along Y akin ikak (T ra il) C reek:
Section m easured fro m  ju s t west of m ajor ta lu s  slope across  
base of slope below road and up m ountain side to c re s t.
(Sec. 25, T37N , R23W )
M easured by D r. IC. P . M cLaughlin, C. N e ill and G. L . Sweeney.
Rocky M ountain form ation . (A ll additional section above unit 46 has been 
rem oved by erosion. )
U nit
Num ber D escrip tion  Thickness
46 Sandstone, deeply w eathered. 15
45 M ain ly talus covered, sandstone and
q u artz ite . 20’
44 Sandstone, m edium  to fin e -g ra in ed ,
yellow  to brown, w e ll cem ented, m assive, 
w eathers gray and pink. Q uartzite  in  a 
few  zones. S trike  -  N  35 W . D ip -  
9 SW. 66’
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Unit
Num ber D escription  Thickness
43 Covered -  sandstone flo a t. W ithin th is
in te rv a l the section crossed over an a n tic lin a l axis  
which cannot be d efin ite ly  placed. Thickness 
m ay be as litt le  as 330 fe e t. 550*
42 Sandstone, m edium  to fin e-g ra in ed , n early
black, fria b le , w eathers dark brown to  
black, fe tid  odor. 7. 5* ^
41 Covered. 15’
40 Sandstone, m edium  tra in ed , lig h t to dark
g ray, s lig h tly  do lom itic , poorly exposed, 
in  p a rt porous and w ith p etro lifero u s  
odor. Few sm all vugs lines w ith black 
m a te ria l (bitum en). 10*
39 P a rtia lly  eixposed. Sandstone, m edium -
grained, dark g ray, q u a rtz itic . 35*
T o ta l thickness 718. 5*
M esozoic
No exposures of M esozoic s tra ta  w ere observed in  the W hitefish  
Range although rocks of T ria s s ic , Jurassic and Cretaceous age crop  
out im m ediately n u rtli of the area in  B ritis h  Colum bia. T e lfe r (1933, 
p. 572) reported  300 fee t of black buff w eathering shale which he ten ta­
tiv e ly  c lass ified  as T ria s s ic  near tiie  In tern ation al Boundary. On Cabin 
Creek M acKenzie (1918, p. 20) rep orted  2500 fee t of w hite and dark  
gray sandstone and q u artzite  as T ria s s ic  in  age, overlying D evo n o-C ar- 
bcniiferous lim estone. The Uthoiogy, stra tig rap lü c position and th ick ­
ness of M acK enzie’s T ria s s ic  (? ) beds suggests the Rocky Mountain 
Q uartzite  of Pennsylvanian age.
The F ern ie  form ation o verlies  the T ria s s ic  beds apparently con­
form ably but taken over a wide area  of southeastern B ritis h  Colum bia 
a pronounced disconform ity exists (M acKay 1952, p. 5). The f  ern ie
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consists of a th ick series  of brown and buff m arine shales w ith some 
beds of lim estone and sandstone.
The Cretaceous of southwestern B ritis h  Colum bia and the 
Flathead a rea  consists p rim a rily  of the Kootenai form ation . The 
Kootenai form ation  is  composed of a th ick series  of sandstones, 
shales, congloinerates and coal seam s. The F ern ie  -K ootenai contact 
is  apparently tran s itio n a l fro m  m arine deposits below to predom inately  
non^m arine deposits above (T e lfe r 1933, p. 574).
Although IvXesozoic s tra ta  w ere not recognized in  the W hitefish  
Range, the p ro xim ity  of the F ern ie  form ation to the north suggests 
that a t shallow  depths it  may underlie  the g la c ia l debris and possibly  
T e rtia ry  lake beds along the m ountain fro n t in the v ic in ity  of the In te r­
national Boundary.
Cenozoic
T e rtia ry  P erio d  (Kishenehn F orm ation*)
Thin , evenly bedded sedim ents, probably lake beds, a re  exposed 
in cut banks along the N orth F o rk  of the Flathead R iver (p i. I  Ç) and in  
the low er valleys of some of the trib u ta rie s  of the r iv e r .
Dawson (1885, p. 52) f irs t recognized the lake beds in  B ritis h  
Colum bia and la te r W illis  (1902, p. 327) recognized s im ila r beds in  
Montana. The name Kishenehn was f irs t  applied by D aly (1912, p. 86) 
who took the name fro m  Kishenehn C reek a trib u ta ry  of the N orth  Fork  
of the F lathead R iv e r. Concerning the o rig in  of the beds W illis  (1902, 
p. 327-28) states:
^These deposits a re  called  lake beds because they a re  
very  d is tin c tly  and evenly s tra tifie d . They consist of 
fin e  sedim ent, such as would settle  fro m  quiet w ater 
only, and they occur in a valley  of such m oderate width  
between mountains of such height that no condition of
*  A lso spelled K ishlnena, Kishenena.
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a llu v ia l accum ulation seem s appropriate. I t  is  
possible that the lake was a t tim es shallow  lik e  
a flooded r iv e r . I t  is  probable that it  was some 
tim e  reduced to the proportions of a r iv e r . I t  is  
c erta in  that during considerable in te rva ls  some 
areas w ere m arshes; but adm itting that a lake  
may i>ass through various phases of depth and ex­
ten t, the te rm  lake bed best describes these de­
posits. *
N eith er the top nor the bottom  of the form ation  has been ob­
served and no accurate estim ate of thickness is  ava ilab le . D aly  
noted 250 feet of d iffe ren t beds exposed along the N orth F o rk  of the 
Flathead R iv e r and believed they represented a to ta l thickness of 
500 fee t. M acKenzie believed that " it apparently reaches a thickness 
of 1500 fee t but may be much th ic k e r. " Erdm ann (1947, p . 134) con­
sidered the 700 fee t of the form ation  penetrated at K in tla  W e ll, Sec. 12 
T26N R22W , acceptable as a m inim um  thickness and estim ated a pos­
sib le thickness of 8400 o r m ore fee t between Coal C reek and the mouth 
of McGee C reek.
C la rk  (1954, p. 109) believed the lake beds w ere deposited in  an 
elongate down fau lted  basin and Erdm ann (1847, p. 134) stated that sed i­
m entation w ith sim ultaneous deepening of the valley  by fau lting  was ne­
cessary to  exphiin fo r the thickness of the sedimenfcs.
Erdm ann (1947, p. 134) recognized two facies of the Kishenehn 
form ation in the N o rtii F o rk  of the Flathead V a lle y . The o lder facies  
is  gray and brown clay and s ilt stone w ith layers  of im pure lig n ite  and 
thin lenses of sandstone. The younger facies consists of lig h t g ray to  
red , clacareous s ilt stone, and fresh  w ater lim estone, and soft, lig h t 
g reen ish -g ray siltstone, sandstone, and drab clays. H ie  presence of 
occasional in terca la ted  boulder beds in  the fin e r grained sedim ents in ­
dicates flood deposits. Erdm ann believed that the s tru c tu ra l re la tio n ­
ships suggest that the carbonaceous facies may be considerably o lder
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than the calcareous and clay fac ies . The calcareous facies was not 
observed in  the map area  but M acK enzie (1916, p. 37) observed buff 
soft fo s s ilife ro u s  calcareous ro ck , to  which be applied the te rm  m a rl, 
on C auldery C reek ju s t north  of the map area  and rocks of s im ila r 
description w ere observed along Bowman C reek on the east side of 
the N orth  F o rk  of the F lathead V alley*
The ro ck underlying the T e rtia ry  s tra ta  a re  unknown because a t 
no lo c a lity  has the base of the T e rtia ry  been observed. Theories r e ­
garding the underlying rocks depend on theories of the s tru c tu ra l 
orig in  of the a rea . Some in terp retatio n s  of s tructure would necessi­
tate the lake beds to be underlain  by Paleozoic o r younger s tra ta  
vdiile others would necessitate the underlying rocks to be PrecanüDrian  
in  age and overth rust onto Paleozoic o r M esozoic rocks.
The exact age of the Kishenehn is  uncertain . M acKenzie (1916, 
p. 37) and D aly (1912, p. 87) believed it  to be Eocene; Dawscm (1885, 
p. 52) noted the resem blance to  M iocene beds in  C en tra l B ritis h  Colum ­
bia; W illis  (1902, p . 327) noted a resem blance to  M iocene o r P liocene  
beds near M issoula, Montana; and Erdm ann (1947, p . 135) designated 
it  as Oligocene o r M iocene on s tru c tu ra l evidence. E ard ley  (1947, 
p. 1176) found that la te s t M iocene o r e a rly  P liocene was Indicated  
w herever fo ss ils  w ere found in  the T e rtia ry  deposits of the la te  Ceno- 
zoic Trenches in  the Rocky M ountains.
Q uaternary Deposits 
Q uaternary deposits consist of P leistocene g la c ia l t i l l .  Recent 
alluvium  and, to a  sm all degree, talus and slum p.
The P leistocene g la c ia l t i l l  consists of sandy, s ilty , and clayey  
deposits containing loose g rave l and boulders, some s tria ted , of various  
m ixed s izes , and including a few  larg e  fragm ents which evidently could  
not have been ro lle d  by w ater. The deposits a re  in  the form  of te rm in a l.
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la te ra l, and ground m oraines and in  m ost places cover the va lley  
flo o rs  and the va lley  w alls  w e ll up onto the m ountain slopes. D aly  
(1912, p. 586) estim ated a 200 fee t average thickness of the G lac ia l 
t i l l  in  the w estern va lleys . The t i l l  is , how ever, of undeterm ined  
thickness and covers the o ld er rocks of various ages. P recam brian  
and Paleozoic form ations furnished much of the rock fragm ents in  
the t i l l .  The soft T e rtia ry  rocks a re  not present in  recognizable fo rm  
but a re  undoubtedly included in  the fin e  m a te ria l. E rra tic  igneous 
boulders foreign  to  the region a re  found in term ingled  w ith the common 
lo cal rock types in  the m orainal t i l l .
Recent a llu viu m , fo r the m ost p a rt d erived  fro m  rew orked  
g lac ia l debris is  found in  and along the stream  and r iv e r  channels.
Talus deposits a re  found in  the v ic in ity  oi steeper slopes and c liffs  
but a re  of lim ite d  extent as th e ir period  of growth has been lim ite d  
to the tim e  since the la s t g laciation .
Igneous Rock
Extensive e^[>osures of extrusive lavas and in tru sive  dikes and 
s ills  a re  found associated w ith  the P recam brian  sedim ents in  the 
mountainous areas along the In tern atio n a l Boundary fro m  G lac ie r 
P ark  to the w estw ard. W illis  (1902, p. 324) f irs t noted an extrusive  
sheet overlying the Siyeh lim estone in  the Lew is and Livingston Ranges. 
D aly (1912, p . 162-165) ca lled  th is  sheet the P u rc e ll lava and used it  
as an im portant c rite rio n  in  co rre la tin g  P recam brian  s tra ta  fo r n early  
100 m iles along the In tern ation a l Boundary. Erdm ann (1947, p . 137) 
noted the p e trg ra p h ic  s im ila rity  between the extrusive and in tru sive  
bodies and grouped them  a ll under the te rm  P u rc e ll basalt.
In  the northeastern portion  of the W hitefish Range an extrusive  
sheet approxim ately 200 feet th ick o verlies  the exposed Siyeh lim estone. 
In  the southeast portion , how ever, there is  no evidence of an extrusive
-  28 -
separation o r of a d isconform ity between the Siyeh lim estone and the 
overlying  M issoula group. Some dikes and s ills  occur w ith in  the 
M issoula group of the southeast p a rt of the a rea , and near the top of 
the exposed M issoula group two lava flow s a re  exposed in  the v ic in ity  
of G la c ie r V iew  and H uckleberry M ountain. Erdm ann (1947, p. 138) 
estim ated the base of the low er flow  to be about 22,000 fee t above the 
Siyeh-M issoula contact. The low er flow  is  about 100 fee t th ick and 
approxim ately 1 ,00 0  fe e t of M issoula Group sedim ents separate it  
fro m  the upper flow . The upper flow  is  160 fee t th ick  and contains 
p illow  stru ctu res a t the base which suggests that the lava was at firs t  
extruded into  wet mud o r shallow  w ater.
The e ^ o s e d  igneous rock is  generally  dark green to purple in  
color and is  in  p a rt both vesicu lar and am ygdaloidaL The extrusive  
sheets a re  dense to  fin e -g ra in ed  basalt w hereas the in trusive dikes 
and s ills  a re  m edium -grained diabase. D aly*s analysis (1912, p . 209) 
of the in tru s ive  rocks shows them  to be chem ically re la te d  to the ba­
salts .
GEOLOGIC STRUCTURE  
Regional S tructure
In  general the outstanding s tru c tu ra l features of northw estern  
Montana a re  a series  of depressed elongate basins a ltern atin g  w ith  up­
lifte d  and tilte d  rectangu lar ranges having a general northw est-southeast 
trend . A pparently m ost of the ranges and valleys a re  fault-founded  
blocks. Th is apparently sim ple s tru c tu ra l pattern  is  the re su lt of a 
long and com plex diastrophic h is to ry  which evidence suggests may not 
yet be ended. (C lapp, 1932, p . 18, 27; Erdm ann, 1947, p. 77; E ard ley, 
1947, p. 1176).
Clapp (1932, p . 24-27) c lass ified  the fau lts  of northw estern M on­
tana into  fiv e  sets in o rd er fro m  oldest to  youngest: (1) steeply dipping
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s trik e  o r longitudinal th rust and under th ru st fau lts ; (2) low angle 
w est dipping overth rust fau lts  typ ifie d  by the Lew is over thrust;
(3) tran sverse  steeply dipping norm al o r v e rtic a l fau lts; (4) tra n s ­
verse steeply dipping reverse  or th ru st fau lts  and (5) norm al s trik e  
fau lts  of low  dip. A  sixth  type was recognized but because the m ove­
ments had taken place along o lder fau lts  th is  type was not re ad ily  
distinguished.
The fau lts  of set (1) east of the Lew is and C lark  Range and 
east of the Lew is th ru st w ere observed by Clapp (1932, p. 19) to dip  
steeply to the southwest w hile those between the Lew is and C lark  
Range and the Rocky M ountain Trench, w ere observed to  dip steeply  
to the northeast. As the com pressive forces apparently acted fro m  
the southwest, the northeast dipping fau lts  w ere considered to have 
been underthrust fa u lts . These include the g reat S wan, M ission, 
Flathead and R oosevelt fau lts  (see fig . 3) which along w ith the o v e r- 
thrusts of set (2) w ere considered to have been the m ost im portant 
factors in  the developm ent of northw estern M ontana's s tru c tu ra l fe a ­
tu res .
Clapp believed the sequence of m ountain building to  have fo l­
lowed the num erical sequence at the above fau lt c lassificatio n  and 
stated (1932, p . 27):
" It appears as if  the forces causing fau lting  acted  
fro m  the southwest, f irs t u p lifting  and folding the 
rocks then breaking them  along the longitudinal 
th ru s t fau lts . L a te r, the deform ation continued to  
such an extent that re lie f fro m  the stresses cam e 
by over thrusting . The two sets of tran sverse fau lts  
seem  to be a s t ill la te r e ffect of the continuing p res ­
sure fro m  the southwest and consequent elongation 
to the northw est and southeast, a fte r fu rth e r u p lift 
bey<md the g reat heights to which the mountains had 
attained  was im possible, because it  was eas ie r fo r 
the rocks to move h o rizo n ta lly , to the northw est
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and southeast by crushing and breaking, than to  
be u p lifted  h igher. A pparently, as the com pres­
sive fo rces acting fro m  the southwest lessened, 
norm al s trik e  fau lts  of low dip re lie v e d  the v e r­
tic a l p ressure resu ltin g  fro m  the great height of 
the u p lifted  rock.
in  th is  sequence of orogenic a c tiv ity  the steeply dipping Swan, 
Flathead, M ission and R oosevelt fau lts , which bound the west sides 
of the Swan, F lathead, M ission and Livingston Ranges resp ectively , 
w ere form ed before the low angle Lew is overthrust.
Erdm ann (1947, p . 78) believed that the firs t and second events 
of fau lting  as outlined by Clapp w ere reversed  and that the iq>lifting  
of the rocks and overfolding fro m  the west culm inated in  the Lew is  
overthrust. The second event was the w arping of the overthrust fo l­
lowed by the high angle th rust fau ltin g  or upthrusting which produced 
the Swan, F lathead and Roosevelt fau lts  and resu lted  in  the develop­
ment of the s tru c tu ra l valleys and the re la tiv e  u p lift of the mountain 
blocks. The fin a l orogenic event was the renew al of movement along 
the m argins of the s tru c tu ra l valleys and m ountains. These la test 
movements tilte d  the T e rtia ry  lake beds which had been deposited in  
the va lleys .
P ardee, (1950, p. 403) w hile recognizing the u p lift and o v e r- 
thrusting resu ltin g  fro m  com pressional forces in  northw estern M on­
tana, in terp re ted  the present mountain and va lley  structure to  have 
been the re s u lt of block fau lting  s im ila r to that of the Basin and Range 
P rovince. The block fau ltin g  occurred when deeply buried com pressive 
forces elevated the superincum bent la y e r, which was fre e  fro m  h o ri­
zontal com pression but under tensional s tra in s , and caused it  to crack  
and s p lit. The block fau lting  in  northw estern Montana was considered  
to have occurred  in  p a rt along the s trik e  of C lapp's Swan, Flathead and 
M ission  fau lts .
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E ard ley  (1947, p. 1176) in  a gen eralized  study of trenches in  
the Rocky M ountains noted that a ll the trenches studied w ere closely  
associated w ith high angle fau lts  and w ere e ith er graben o r ro tated  
block type s tru ctu res . These high angle fau lts  w ere found to post-date  
the o lder L aram ide folds and thrusts.
Local S tructure  
Previous S tru c tu ra l Investigations
Although very  lit t le  s tru c tu ra l investigation has been c a rrie d  
out in  the W hitefish Range, considerable attention, especially in  Can­
ada, has been d irected  to the Rocky M ountain trench and to the N orth  
Fork of the F lathead V a lle y . The surfaces of both depressions, how­
ever, a re  m antled w ith th ick g la c ia l debris and only scant evidence 
of a mode of o rig in  is  availab le . M any authors have suggested possible 
causes of the depressions, how ever, few  are  in  agreem ent (see fig . 4 ).
D aly (1912, p. 106) and Schofield (1915, p. 52; 1921, p . 73-81) con­
sidered the Rocky M ountain trench to be a graben or a t least the p ro ­
duct of norm al fau ltin g . The norm al fau lt along the east side of the 
trench was believed to have dropped Devonian s tra ta  adjacent to o r 
below the P recam brian  s tra ta  of the W hitefish Range. D aly (1912, 
p. 99) also  suggested a genetic connection between the trench and the 
shore lin e  of m iddle Cam brian to Devonian Seas. D aly (1915, p . 113 - 
114) la te r considered the trench to be the re s u lt of norm al fau lting  
along a continuous fa u lt zone w ith accompanying scission and shifting . 
Shepard (1922, p. 138-139) believed that opposing thrust fau lts  o r 
overturning of two m ountain wedges on each side of and tow ard, the 
trench produced the depressicm. The fau lt along the east side o l the 
trench, which was considered by D aly and Schofield to liave been a 
norm al fa u lt, was believed by Shepard to have been an east dipping 
underth i'ust. L a te r Shepard (1926, p. 640) suggested that the trench
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was eroded along a h o rst. Clapp (1932, map) mapped the Swan fau lt, 
a high angle east dipping underthrust that borders the west edge of the 
Swan Range, as continuing along the southwest e% e of the W hitefish  
Range w ith in  h is map lim its . Evans (1933, p . 145) noted thrust fau lts  
and folds overturned tow ard the trench in  the bordering ranges on each 
side of the trench . The th ru st on the east side was in terp re ted  as an 
underthrust and Evans believed the trench has been eroded along the 
lin e  of in tersectio n  between the th ru st and underthrust fau lts . L ink  
(1935, p. 1466, fig s . 1 and 32) believed that an east dipping underthrust 
m et a w est dipping overth rust a t depth. The block east of the under-  
thrust was then wedged upward w hile the block w est of the underthrust 
was re la tiv e ly  depressed by a m odified ram p action to  fo rm  the Rocky 
Mountain Trench. Pardee (1950, map) hypothesized a norm al fau lt 
along the w estern range fro n t and called  it  the W hitefish fau lt, A 
second norm al fa u lt along the va lley  of W hitefish C reek extended the 
range fro n t fau lt to the southern term inus of the W hitefish Range.
h i explaining the N orth  F o rk  of the Flathead V a lley , W illis  (1902, 
p. 344) suggested a norm al fa u lt along the east side of the va lley . D aly  
(1912, p. 90), M acK enzie (1916, p . 5) and Hose (1918, p. 35) explained  
the va lley  as a graben. Clapp (1932, map) mapped the Flathead fau lt, 
as a high angle east dipping underthrust bordering the west side of the 
Flathead Range and continuing along the east fro n t of the W hitefish  
Range as fa r  north as W hale B uttes. L ink (1932, p. 787, fig . 1) p ro ­
posed an in verted  wedge or m odified ram p in terp re ta tio n  as the cause 
of the depression. L ink (1934, p. 1464-66) la te r believed the p o ssib ility  
that the va lley  was a window in the Lew is overthrust w arranted  serious  
consideration. Hume (1944, p . 59), although he entertained the window 
theory, considered it  u n likely . Erdm ann (1947, p. 141) noted a p ro ­
g ressive decrease in  throw  to the northw est along the Flathead fau lt
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and believed that th is  evidence, com bined w ith  physiographic re la ­
tionships between adjacent m ountain ranges, suggested that the N orth  
F o rk  o f the F lathead V a lle y  was the depressed extensicm of the F la t­
head Range block. Pardee (1950, map) believed that a  norm al east 
dipping fa u lt was indicated along the W hitefish I^ n g e  frcm t. C la rk  
(1954, p . 109) re tu rn ed  to  W illis * in terp re ta tio n  of west dipping norm al 
fau lts  as the basis of the N orth  F o rk  of the F lathead V a lley  stru ctu re . 
Both Erdm ann (1947, p . 199) and C la rk  (i9 5 4 , p. 104) believed the Lew is 
thrust had its  roots in the W hitefish Range west of the N orth  F o rk  of 
the F lathead V a lley .
D aly (1912, map 75A) showed a system  of north-south trending  
norm al fau lts  in  the W hitefish  Range along the In tern ation al Boundary.
Present Investigation
The s tru ctu re  of the a re a  exam ined is  ra th e r com plex and only 
in the northeast portion of the W hitefish Range did  s tratig rap h ie  know­
ledge p e rm it an in terp re ta tio n .
The W hitefish  Range is  essen tia lly  a broad an tic lin e  trending  
northw est-southeast and fau lted  along the northeast and southwest 
lim bs. A ssociated w ith  these m ajor fau lts  a re  num erous m inor fau lts  
and folds that w ill req u ire  considerable attention before the com plete 
s tru c tu ra l h is to ry  of the range can be worked out.
The range fro n t fa u lt along the west side of the W hitefish Range 
is  indicated in  the northw est portion by the presence of Devonian s tra ta  
in  the Rocky M ountain trench , s tru c tu ra lly  low er than the adjacent P re ­
cam brian s tra ta  of the W hitefish Range. The fa u lt plane, how ever, is  
covered by g la c ia l debris  and its  attitude is  unknown. F u rth er specific  
evidence fo r the fa u lt was not observed to  the southeast but the steep 
stra ig h t face o f the range suggests that a fa u lt exists  under the th ick  
g la c ia l m antle that covers the va lley  flo o r and the low er mountain 
alopea*
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Along the east fro n t of the W hitefish  Range the Flathead fau lt 
has been observed as fa r north as Apgar M ountain where Erdm ann 
(1947, p. 188) noted the fau lt along the northeast m argin of that 
m ountain. To the north a ll fu rth e r trace  of the fau lt is  lost under 
the g la c ia l debris of the N orth F o rk  of the Flathead V a lley , however, 
the o verly  steepened low er slopes along the fro n t of the range suggests 
that the fa u lt is  continuous to the north along the range fro n t.
In su ffic ien t evidence was found along the m argins of the W h ite - 
fish  Range e ith er to substantiate o r repudiate any of the previous  
s tru c tu ra l th eo ries . Topographic deta ils  and lo cal evidences of 
fau lting  indicate the presence of range fro n t fau lts  but specific e v i­
dence concerning the nature of such fau lts and th e ir d irection  of dip 
is  hidden under the g la c ia l debris of the N orth  F o rk  of the Flathead  
V alley  and the Rocky M ountain Trench.
In  the W hitefish  Range, D aly (1912, map 7 5A) included in  a 
system  of norm al fau lts  along the In ternational Boundary a series  
of fau lts  in  the northeast p a rt of the map area  that dropped two sep­
a ra te  blocks of Paleozoic s tra ta  into contact w ith P recam brian  
s tra ta  (see fig . 4). F u rth er fau lting  w ith in  the easternm ost P aleo ­
zoic block dropped M ississippian lim estone s tru c tu ra lly  low er than 
Dev<mian lim estone.
The w riter^s evidence indicates that a low angle thrust fau lt 
of considerable m agnitude is  responsible fo r the present position of 
the s tra ta  (see p i. IQ . The P recam brian  rocks w ere apparently 
th rust fro m  the west and rode over the Paleozoic rocks. L a te r e ro ­
sion le ft a portion  of the P recam brian  rocks as an o u tlie r overlying  
the Paleozoic rocks. Th is o u tlie r apparently appeared to D aly as a 
block separating the two down thrown blocks of Paleozoic sedim ents.
Along the m argins of the N orth  F o rk  of the fla th e a d  V a lley  w ith in
/
D aly 's  easternm ost Paleozoic'b lock there  is  litt le  doubt that the oc-
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currence of Devonian lim estone overlying  M ississippian  lim estone  
represents the overturned lim b  of an an tic lin e  ra th e r than down fau lted  
M ississippian  s tra ta  adjacent to  o r below Devonian s tra ta  (see PL H ).
Lew is O verthrust 
The presence of o il seeps in  the B elt series  along the east side 
of N orth F o rk  of the Flathead V a lley  suggests the p o ssib ility  that high 
angle fau ltin g  along the va lley  in tersects  the Lew is th rust and that o il 
has moved along the high angle fa u lt fro m  Paleozioic an d /o r M esozoic 
rocks beneath the Lew is th ru st. As previously stated several authors 
have esqiressed the opinion that the Lew is th ru st underlies the va lley  
and underlies o r has its  roots in  the W hitefish Range.
According to  C la rk  (1954, p . 109) the T e rtia ry  beds in  the N orth  
Fork of the F lathead V a lley  w ere deposited in  an elongate downfaulted 
block a fte r th ru st fau ltin g  as they show no evidence of having been o ver­
ridden by a th ru st sheet. The eastw ard dip of the T e rtia ry  beds along 
the west side of the N orth  F o rk  of the Flathead V a lley  is  in terp reted  as 
drag and indicates fu rth e r re la tiv e  depression of the valley  block.
If  the Lew is overthrust underlies the N orth Fork of the Flathead  
V alley , the p o ss ib ility  exists  that the th rust fau lt along the east edge of 
the W hitefish Range may be an exposure of the Lew is th ru s t. Assuming 
th is  to be the case subsequent depression of the N orth  F o rk  of the F la t­
head V a lley  block c a rrie d  the plane of the Lew is thrust w e ll below the 
surface of the v a lley . Sim ultaneous o r subsequent tiltin g  of the W hitefish  
Range block eiq>osed the trace  of the th ru st along the northeast edge of 
the W hitefish Range.
S tru c tu ra l H isto ry  
Although the e n tire  s tru c tu ra l p attern  of the W hitefish Range was 
not w orked out, the stru ctu re as observed along the east side of the range 
and the general agreem ent among various authors that the N orth F ork of
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the F lathead  V a lle y  is  a depressed block im p lies  a certa in  sequence 
of orogenic a c tiv ity  in  the range. Th is  sequence probably conform s 
to that given by Erdm ann (1947, p . 78) and described e a rlie r under the 
sub-heading ’Regicsial Geology. *
The o verth ru st re latio n sh ip  of P recam brian  sedim ents on P aleo­
zoic sedim ents and the folding w ith in  the sedim ents s u ^ e s ts  that com ­
pressive fo rces f irs t  upUîteû and folded the s tra ta  of the a rea , then 
broke them  along a low angle fa u lt plane, thrusting the Precam brian  
B elt rocks onto the Paleozoic rocks. L a te r fau lting  resu lted  in  the de­
velopm ent of the N orth  F o rk  of the F lathead V a lley  and the re la tiv e  up­
lif t  of the W hitefish  Range. S till la te r movements resu lted  in  the tiltin g  
of the T e rtia ry  beds of the N orth  F o rk  of the F lathead V a lley , and may 
have fu rth e r iq>lifted and tilte d  the W hitefish Range B lock.
ECO NO M IC GEOLOGY  
Coal has been m ined in  o r adjacent to the mapped area  and depo­
sits  of ph^^phate ro ck , c lay , lim estone, o il shale, and copper have 
been reported  but have never been eaqploited. O il and gas seeps have 
made prospecting in trig u in g  and have created  hopes that com m ercial 
quantities may someday be found*
Coal
L ig n ite  coal seam s a re  found in  the T e rtia ry  beds of the N orth  
F ork of the Flathead V a lle y . An a rea  known as the Coal Banks is  
located in Sections 19, 20, 29, and 30, T34N , R20W and three claim s  
of unknown status a re  a t present re g is te red  w ith the G eneral Land O f­
fic e . Evidence of fo rm e r w orkings a re  present but apparently no oper­
ations have been c a rrie d  on fo r many years . The N orth  Fo rk  Coal M ine 
 ̂in  Sec. 33, T34N , R20W has been m ore recen tly  in  operation and p ro - 
duced, according to M ontana Bureau of M ines (1940, p . 25), about th irty  
tons of coal p er day. Adverse w eather conditions during the w in ter
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months lim ite d  production to  the m ore favorab le seasons. The coal 
was hauled by tru ck  to  Colum bia F a lls  and K aU spell and sold lo ca lly . 
Because of the slacking character of the coal, its  high ash content and 
low heating value, the long haul to m arket, and the seasonal re s tric tio n  
on m ining, the econom ic value of the coal beds is  lim ite d  and it  is  
doubtful if  any com m ercial im portance can be attached to them .
Coal has been rep orted  in  com m ercial quantity in  the Kootenai 
form ation , a few  m iles  north of the In tern ation al Boundary. Rose 
(1917, p. 35) stated that seam s of 7 , 6 , 4, 36, and 25 feet have been 
proven along Cabin C reek approxim ately s ix  m iles  north of the In te r­
national Boundary and th ere  a re  Icxral rep o rts  of coal in  the v ic in ity  
of C auldrey C reek th ree  m iles north of the Bounckury. M acKenzie*s 
analyses (1916, p. 46) showed the coal to  be of high rank and to  possess 
very  good coking q u alities .
It  seem s probable that along the w est edge of the map a rea  near 
the Ihternaticm al Bouncktry, the coal bearing form ation  should underlie  
the g la c ia l debris east cd the C arboniferous exposures, provided a n o r­
m al s tra tig rap h ie  sequence occurs th ere . The thickness of the o ver­
lying  g la c ia l debris m ay, how ever, lim it the fu tu re com m ercial value  
of the coal even though it  m ay be present south of the Boundary.
Bitum inous Shale 
Layers of so ca lled  o il shales have been found w ithin the K ishe­
nehn form ation  on C auldrey C reek, a  few  m iles  north of the In tern atio n al 
Boundary and they may occur in  the N orth  F o rk  of the Flathead V a lley  
south of the Boundary. Except fo r a few  random  cobbles among the 
g rave l of the N orth  F o rk  of the F lathead V a lle y , none of the o il shales 
w ere observed in  the map a re a . They a re  believed, however, to  occur 
east of the N orth  F o rk  of the F lathead R iv er and may underlie the g la ­
c ia l d eb ris  w est of the r iv e r .
.  40 -
M acK enzie (1916, p . 34*35, 48*49) has described the bitum en 
bearing beds along C auldrey C reek in  some d eta il and noted as a 
m arked c h a ra c te ris tic  the strong bitum inous odor given off by the 
rocks when stru ck, rubbed, heated or when brought into contact w ith  
hydrochloric acid . He also noted im pregnations of yellow , brown and 
black m a te ria l which he thought w ere evaporated petroleum  residues. 
These im pregnaticm s graded into irre g u la r yellow , brown and black 
spots of TN&ich the lig h te r co lors w ere transparent w hile the deeper 
colors in  strong tran sm itted  lig h t has a reddish tin t si^^gestive of 
petro leum . The bitum en was also observed to  take the fo rm  of spheres 
fro m  sub-m icroscopic to  . 04m m . in  d iam eter. The spheres w ere a r ­
ranged in  sw arm s of a few  dozen of the la rg e r to severa l scores of the 
sm alle r s izes . M acKenzie believed these s f^ e res  to represent sm all 
drops of petro leum  that had been segregated under the influence of 
surface tensicai in  w ater saturated rocks, yet w ere unable to  m igrate  
to any considerable distance owing to the very  dense ch aracter of the 
enclosing m a te ria l. He could not determ ine th e ir present degree of 
flu id ity  but noted that they exhibited no m ig rato ry  tendencies in  th e ir 
present condition and environm ent. M acK enzie assigned the source of 
the bitum inous m a te ria l to the soft p arts  of m ollusks whose shells a re  
in  close association w ith  the bitum en.
The o il shales as such a re  of no present com m ercial value and it  
is  doubtful that any fu tu re  value can be assigned to them .
Phosphate Rock
Phosphate has been reported  by T e lfe r (1933, p . 577 *584) w ith in  
the F ern ie  form ation  and a t the top of the Rocky M ountain form ation , 
along the N orth  F o rk  of the Flathead V a lley  near the In tern ation al Boun­
dary. As the Rocky M ountain form ation  is  p a rtia lly  exposed along the 
east m ountain fro n t near the Boundary, and a considerable section of
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the F ern ie  form ation  is  exposed on C auldrey C reek ju s t north of the 
Boundary^ it  seem s reasonable to  assume that the Rocky M o u n ta in -F er­
nie contact and the F ern ie  form aticm  are  present beneath the g la c ia l 
debris along the m ountain fro n t. Since the phosphate bearing fo rm a­
tions a re  b u ried  under an unknown depth of g la c ia l debris  any fu ture  
com m ercial In te re s t in  the phosphate w ill probably depend upon the 
grade and am ount of phosphate found in the exposed phosphate bearing  
form ations adjacent to the map a rea .
M eta llife ro u s  Deposits 
M eta llife ro u s  deposits of com m ercial value a re  not known in  the 
W hitefish Ik n g e . Prospecting, probably m otivated by the presence of 
green copper carbonate stain  on p arts  of the P u rc e ll basalt, has been 
c a rrie d  cm w ithout success in  the northw est corner of the range, and 
numerous prospect p its  and severa l abandoned w orkings a re  present in  
the v ic in ity . A ll of the old prospect cabins w ere in  bad re p a ir a t the 
tim e of the w rite r 's  v is it and none showed evidence of recent occupancy. 
No in form ation  was availab le  ccmcerning the cperations but fro m  the ap­
pearance of the abandoned w orkings it  is  extrem ely doubtful if  any w ere  
c u ra te d  p ro fita b ly .
G ravel and Sand 
Extensive deposits of g rave l occur in  the g la c ia l debris of the 
valleys and in  term s of Icmal and probable lo cal demand the supply seems 
inexhaustib le. Local deposits of sand occur in  the debris probably in  
su ffic ien t quantities to  scq>ply any fu tu re  demand of the area .
C lay and B uilding Stone 
C lay occurs in the T e rtia ry  lake beds of the N orth F o rk  of the 
Flathead V a lle y  but the amounts and s u ita b ility  of these clays fo r building  
o r other purposes has never been determ ined.
Abundant lim estones occur throughout the W hitefish Range in  the
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Siyeh^ Rundle, P a llie er and IQshenehn form ations. The Rundle and 
P a llis e r form ations a re  apparently the only ones of su ffic ien t p u rity  
to be used co m m ercia lly . T h e ir rem oteness, however, and the abun­
dance of other m ore accessible lim estones e lim in ate  a ll but fa in t fu ­
tu re  values.
Im pure and highly siliceous lim estones and dolom ites a re  used 
in  the m anufacture of rock wool insulation. The Siyeh lim estone may 
be su ffic ien tly  im pure and contain the other p ro p erties  necessary to  
class ify  it  as a source of rock wool. If  the Siyeh should be lacking in  
some p ro p erties  a com posite wool rock m ight be compounded fro m  the 
Siyeh and the calcareous fac ies  of the Kishenehn form ation .
B uild ing stone has never been q u arried  in  the a rea , although some 
of the a rg illite s , lim estones and basalts a re  probably of adequate quality  
to be q u arried  if  ever the demand fo r such a ris e s . Much of the B e lt 
rocks a re  closely jo in ted , but less jo in ted  portions a re  present in  suf­
fic ien t quanties to  supply a ll apparent fu tu re  needs.
O il and Gas
Seeps of high g ra v ity  o il have been known in  the N orth  F o rk  of the 
Flathead V a lley  in the v ic in ity  of the In tern atio n a l Boundary since before  
1900. Sporadic in te re s t in  the o il p o ss ib ilities  of th is  a re a , spurred  by 
the presence of these seeps, has resu lted  in  the d rillin g  of a num ber of 
w ells , two of which w ere south of the Boundary and none of which w ere  
com m ercia lly  productive.
The seeps occur along the east side of the va lley  and th e ir a lig n ­
m ent suggests that they lie  along a fau lt plane. Erdm ann (1947, p . 202) 
believed th is  fa u lt to be the Roosevelt o r Sage C reek fau lt and proposed 
tran sverse  fau lts  to  be responsible fo r the seeps that a re  not in  alignm ent 
as those a t K in tla  Lake and the rep orted  seep near the mouth of the K ish ­
enehn C reek.
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Seeps have also been reported  along the west side of the va lley .
A  very  th in  o ily  film  was observed on ponded w ater in  the v ic in ity  of 
some of the rep orted  seeps but th is film  was believed to be the re su lt 
of the decoaq>ositiou of organic m atter ra th e r than of seeping o il.
Nothing that could be c lass ified  as a tru e  o il seep was observed along 
the west side of the va lley .
Although the s tra tig rap h ie  sequence beneath the N orth  F o rk  of 
the Flathead V a lley  is  unknown, it  is  necessary to postulate a source 
of the o il seeps in rocks younger than the P recam brian  as the p o ss ib il­
ity  that the present seepages a re  fed  fro m  source beds w ithin the P re ­
cam brian series  is  im probable.
L in k (1932, p. 791 -996), com paring the physical ch aracte ris tics  
of the o il fro m  the seeps w ith the phsical ch aracteris tics  of T u rn er 
V alley  o il, noted the s im ila rity  between the two and concluded that the 
seeping o il is  probably derived  fro m  Devonian, Carboniferous and pos­
sib ly Jurassic beds, w hile Upper Paleozoic porous lim estones and dolo­
m ites m ay be the re s e rv o ir ro ck, o r m ay have acted as ^carrier beds.
M acK enzie (1916, p . 4 8 -49 ), although considering it  u n like ly , ad­
vanced the p o ssib ility  that the seeps may have been derived  by m igration  
fro m  the bitum inous T e rtia ry  sedim ents. It  seem s m ore probable, how­
ever, that the T e rtia ry  bitum ens may have been derived  fro m  the escap­
ing petro leum  of the seeps.
The stru ctu re of the N orth  F o rk  of the Flathead V a lley  is , lik e  
the s tra tig rap h y, hidden under the g la c ia l debris that o verlies  the va lley  
flo o r. L in k  (1932, p . 787, fig . 1) believed the va lley  to be underlain  by 
" M esozoic s tra ta  which in  tu rn  w ere presum ably underlain by Paleozoic  
s tra ta . The o il was believed to have m igrated  along a high angle under-  
th ru st which breached the Paleozoic resevo irs . It  is  d iffic u lt, how ever, 
to  v isu a lize  how soft incom petent rocks of the M esozoic series  could be 
fo rced  under the m askive m ore com petent rocks of the B elt series  of the
-  44 -
Livingston Range. It  appears m ore probable that P recam brian  s tra ta  
should u n derlie  the N orth  F o rk  of the Flathead V a lle y . These P recam ­
b rian  s tra ta  w ere presum ably thrust over IJpper Paleozoic and M eso­
zoic rocks and the e n tire  block that now makes up the N orth  F o rk  of the 
Flathead V a lle y  was depressed in re la tio n  to  the W hitefish and L iv in g ­
ston Ranges. In  th is  case the o il seeps, although they may have th e ir 
source in  Paleozoic and, o r M esozoic rocks, a re  fed  through fa u lt 
planes across an undeterm ined thickness of P recam brian  s tra ta .
No attem pt can be made to evaluate the o il p o ss ib ilities  of the 
area . The presence of the o il seeps and the grade of o il connected 
w ith them  a re  encouraging facto rs . D rillin g  resu lts , how ever, have 
been discouraging. Prospecting fo r o il in the v ic in ity  is  continuing and 
w ill probably continue as long as the seeps in sp ire  the hopes of com m er­
c ia l production.
P LA TE  I
A. Rocky M ountain -Rundle contact e^sposed along Yakinnikak 
C reek Road.
V
B . Steeply dipping T e rtia ry  lake beds e^qposed along the wedt side of 
the N orth  F o rk  of the F lathead R iver* north of the mouth of Coal Cr,
C. V iew  eastw ard fro m  W hitefish Range across the V a lley  of the N orth  
F o rk  of the F lathead R iv er a t the In tern ation al Boundary. L iv in g ­
ston Range in  the background.
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